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Suita  ary 

Dose-related  alterations  in  the  levels  of  prostaglandins  (POFga 
and  PGE)  and  thromboxane  B-CTiBg)  were  observed  in  the  urine  of 
unanesthetized  rats  following  whole-body  gamma  radiation.  Exposure 
doaos  of  100  and  900  rads  resulted  in  significant  changes  in  urinary 
levels  of  these  cyclooxygenase  produota.  These  findings  suggest 
the  potential  use  of  radioimmunoassay  measurement  of  urinary  prosta¬ 
glandins  and  thromboxane  as  a  noninvaslve  indicator  of  radiation 
exposure. 

Exposure  to  ionizing  radiation  induces  suboellular  biochemical  and  moleou- 
lar  alterations,  which  may  result  in  cellular  destruction.  The  bioohemical 
changes  that  ooour  are  often  refleoted  as  alterations  In  the  composition  of 
physiological  fluids,  which  may  be  useful  indicators  not  only  of  radiation 
injury  but  also  of  the  extent  of  radiation  exposure.  The  kidney  is  an  impor¬ 
tant  route  for  the  elimination  of  endogenously  derived  bioohemicals,  and  the 
analysis  of  substances  in  the  urine  of  irradiated  animals  provides  a  noninva¬ 
slve  means  for  estimating  radiation  damage  in  vivo. 

A  number  of  reports  exiat  on  the  increased  concentrations  of  various 
metabolites  in  the  urine  following  whole-body  irradiation.  Several  of  these 
show  a  reasonably  linear  correlation  with  radiation  dose  within  limited  dose 
ranges.  Plrisek  et  al..  (1)  found  increases  in  deoxyoytidlne  (CdR)  excretion 
in  rat  urine  in  the  rirst  2D  hrs  after  whole-body  irradiation  (50-600  R), 

The  biochemical  origin  of  the  excreted  CdR  (a  degradation  produot  derived  from 
polydeoxyribonuoleotide  metabolism)  was  shown  to  be  considerably  reduced  in 
apleneotoalsed  rats,  suggesting  early  radlatloo-lnduoed  cellular  destruction 
as  the  source  of  this  urinary  metabolite  (2).  Investigations  of  creatinine 
excretion  revealed  that  during  the  Initial  b  days  after  exposure  to  25-650 
rada  of  x-rays,  the  averaged  creatinine  excretion  varied  linearly  with  the 
dose  received  (3).  A  linear  relationship  between  the  dally  excretion  of  tau¬ 
rine  and  urea  was  observed  following  whole-body  exposure  of  rats  to  75-250 
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rads  of  x-rays  (4).  However,  this  radiatlon-induoed  secretion  of  taurine  was 
shown  to  be  species  dependent  (5).  The  source  of  the  radiation- induced  increase 
in  taurine  excretion  was  shown  to  be  the  pancreas,  with  possible  contributions 
from  the  liver  and  intestines.  Spleen,  adrenals,  hypophysis,  and  kidneys  were 
shown  not  to  be  involved  in  this  phenomenon  (6). 

Elevations  in  prostaglandin  < PG)  levels  following  irradiation  have  been 
reported  in  lung  parenohymal  and  airway  tissues  (7,8),  liver  and  spleen  (9,10), 
skin  (11),  and  the  small  intestine  (12)  in  a  variety  of  laboratory  animals. 

The  present  study  was  undertaken  to  determine  whether  PG  and  TxB2  levels  in 
the  urine  may  refleot  these  alterations  in  metabolism  in  animals  exposed  to 
whole-body  ganna  radiation  from  a  cobalt-60  source.  In  order  to  assess  the 
use  of  this  measurement  as  a  biological  indicator  of  radiation  damage,  we 
investigated  the  urinary  exoretion  rates  of  these  substances  in  rats  at  various 
time  intervals  pro-  and  postexposure  to  100  and  900  rads. 


Materials  and  Methods 


Materials 


Babbit  PGF2„  and  PQE2  antisera  were  obtained  from  Clinloal  Assays  (Cam¬ 
bridge,  MA)  and  Aocurate  Chemical  and  Solentifio  Co.  (Hioksville,  NY),  respec¬ 
tively.  PGF2  ,  POEg  and  TxB2  were  the  generous  gifts  of  Dr.  John  Pike  (Upjohn 
Co.,  Kalamazoo,  MI).  [3h]-PGF2oi  (120  Cl/mmol),  [3h]-PGE2  (140  Ci/naol),  and 
[3h]-TxB2  (125  Ci/isnol)  were  purchased  from  New  England  Nuolear  (Boston,  HA). 
TxB2  antisera  were  prepared  in  rabbits;  an  IgG-rioh  fraction  was  produced  by 
affinity  ohromatogrwphy  on  a  protein  A-Sepharoae  CL-4B  column  (Pharmaoia, 
Uppsala,  Sweden).  Trizma  and  gelatin  (Bloom-100)  were  products  of  Sigma  Chem¬ 
ical  Co.  (St.  Louis,  MO).  Norit-A  was  purchased  from  Fisher  Solentifio  Co. 
(Pittsburgh,  PA),  and  Daxtran  T-70  obtained  from  Pharmaoia. 

The  apeoifioity  of  the  antisera  employed  was  characterized,  and  the  ratio 
of  PG  concentration  to  the  oross-reaoting  substance  concentration  at  50J  inhi¬ 
bition  of  maximum  binding  was  determined.  TxB2  antiserum  demonstrated  less 
than  2$  oross-reaotlvity  with  other  araohldonlo  add  metabolites  (POFgj,.  PUEg, 
POD2  and  6-keto  PGF^).  Speolfioity  of  the  commercially  prepared  antiserum 
to  PGF2w  demonstrated  only  minor  oross-reaotlvity  with  6-Weto  PGP^  (<12<), 
whereas  antl-PGE2  did  not  distinguish  between  PCS;  and  PGBj  (0.1-2.01  orosa- 
reactivity  with  PGPg„,  RGD^,  6-k«to  PGPia  1111(5  TxB?)  •  Therefore,  the  data  are 
expressed  as  PGE  to  Indicate  thio  oross-reaotivlty  of  antl-PGEg  with  POE^. 

Animal  Experiments  and  Irradiation 

Male  Sprague-Dawiey  rats  (Taoonio  Faros,  Xno.,  Germantown,  NY)  weighing 
200-300  g  were  housed  in  individual  aetabollo  cages,  fed  a  bolus  of  food  dally, 
and  allowed  water  ad  libitum.  The  animals  were  maintained  In  the  cages  for 
7  days  before  any  urine  collections  were  made  to  allow  them  to  acollmate  to 
the  new  environment.  Three  days  prior  to  irradiation,  urine  was  oollaoted 
at  24-hour  intervals  end  its  volume  was  measured.  Postlrradiatlon  collections 
were  made  and  urine  volume  measured  at  the  end  of  the  following  time  Intervals: 
0-1,  1-3.  3-6,  6-12,  12*24,  24-48,  48-72,  and  72-96  hours.  The  urines  were 
collected  in  5  to  SO  pi  of  10  N  HC1,  depending  on  the  urine  volume.  Immediately 
after  collection,  475  pi  aliquots  of  urine  were  added  to  25  pi  perchloric  aold 
(PCA)  (final  concentration  0.04  N  PCA)s  they  were  mixed  and  stored  at  -80o  C 
for  later  analysis.  Preliminary  analyses  revealed  no  significant  differences 
in  the  levels  of  PG  or  thromboxane  measured  in  the  supernatants  of  PCA-preoipi- 
tated  urines  compared  to  non-PCA- precipitated  urines.  However,  even  the  latter 
urine  samples  stored  frozen  until  analysis,  required  centrifugation  to  remove 
particulate  material  prior  to  radioimmunoassay.  On  the  day  of  analysis,  all 
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samples  were  thawed  at  room  temperature  and  centrifuged  (13,000  x  g)  at  4°  c 
for  15  min  to  remove  PCA-preoipitated  protein;  supernatants  were  then  assayed 
for  PG  level. 

Animals  were  placed  in  individual  lucite  boxes  and  irradiated  in  groups 
of  ten,  with  100  or  900  rads  of  gaama  radiation  from  a  Theratron  80  60co  source 
(1.17  and  1.33  MeV  ganma).  The  dose  rate  was  40.2-41.0  rad/min  with  a  target 
distance  of  112-115  cm  and  a  tissue/air  ratio  of  0.89.  A  wax  rat  phantom  with 
an  ion  chamber  placed  at  midline  was  used  to  determine  absorbed  dose.  Post¬ 
irradiation  survival  of  animals  subjeoted  to  900  rads  at  this  dose  rate  ranged 
from  7  to  14  days. 

Prostaglandin  Analysis 

PG  analysis  was  performed  by  a  modification  (13)  of  the  radioimmunoassay 
teohnique  of  Jaffa  et  al.  (14).  The  assay  consists  of  Incubating  20-100  pi 
of  the  PCA-precipltated  urine-derived  supernatant  or  known  standards  (2.5-1000 
plcograms  PG)  with  antisera  (50  pi)  for  2  hours  at  22°  C.  When  less  than  100 
pi  of  the  sample  was  used,  the  volume  was  brought  to  100  pi  by  the  addition 
of  Trizma  buffer  (Trizma  0.012*,  NaCl  0.083*,  gelatin  0.1*.  pH  7.4).  There¬ 
after,  50  pi  ^lij-PG  (8000  CPN)  was  added  and  the  incubation  continued  at  4°  c 
for  12  to  16  hours  (final  volume  200  pi).  The  bound  3[j(]  -PG  was  separated 
from  the  unoomplexed  tracer  after  the  addition  of  250  pi  ice  cold  Trizma-NaCl- 
gelatin  (1.0*)  by  adding  500  pi  cold  oharooal  (Q.5*)-dextran  (0.05*)  In  Trizma- 
NaCl  and  incubating  at  4°  C  for  20  min  following  centrifugation  (200  x  f.  ftr 
12  min  at  4°  C).  The  supernatant  was  then  deoanted  into  sointlllatlon  vials. 

Ten  ml  ultrafluor  was  added,  and  the  radioaotivity  was  determined  by  scintilla¬ 
tion  spectrometry.  All  radioimmunoassays  were  performed  in  duplicate. 

Data  and  Statistical  Analysis 

Experimental  data  for  each  animal  at  eaoh  collection  time  was  recorded 
as  urinary  PG  concentration  in  pg/ml  and  urinary  excretion  rate  In  ml/hr  and 
then  converted  to  pg/hr.  These  values  were  determined  for  all  Intervals  (pre- 
and  postirradiation).  Thus  each  value  rafleots  a  rate  of  PG  accumulation  occur¬ 
ring  since  the  previous  collection  interval.  For  eaoh  animal,  the  three  24- 
hour  preirradiation  values  were  averaged,  and  this  average  served  as  a  baseline 
oontrol  value  for  that  animal.  AU  pre-  and  postirradiation  values  were  ex¬ 
pressed  as  a  fraction  (percent)  of  their  preirradiation  control  level  for  each 
animal.  In  this  way,  employing  eaoh  animal  as  its  own  control  reduaed  animal- 
to-anlaal  variation.  A  log  transformation  of  these  data  was  then  made  and 
a  student's  t  teat  for  unpaired  staples  was  applied  to  determine  significance  (15) 
between  postirradlatloo  values  of  urinary  PG  and  oontrol  value  (100  percent). 

The  data  are  presented  as  the  geometric  aeons  (n«10)  expressed  as  the  percent 
of  mean  control  values  (pg/hr),  calculated  as  described.  Error  bars  in  Figure 
1  and  the  tabulated  errors  in  Table  I  express  the  antilegged  mean  plus  and 
minus  one  standard  error  of  the  mean  (S.B.N.).  The  prmirrediation  ~M-hour 
values  for  individual  animals  in  pg/ml  varied  from  39-0  to  3719.1  (pg/al  PCS), 

10.0  to  125.2  (pg/ml  PGP2a),  ^  63*°  to  2,172,5  (w/>l1  T*02)‘ 

Results 


Alterations  in  PG  and  TxBg  (pg/hr)  excretion  patterns  following  a  low 
(100  rads)  and  high  (900  rads)  dose  of  whole-body  gamma  radiation  are  presented 
on  the  following  figures.  Significant  differences  from  preirradiation  values 
for  urinary  levels  of  PQB  (Fig.  1)  were  found  at  12,  24,  and  96  hrs  postexpo¬ 
sure  to  100  reds.  No  significant  difference  ooourred  at  3  and  6  hrs  poatlr- 
radlatioa.  In  a  separate  experiment  (data  not  shown),  rets  subjeoted  to  300 
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Urinary  levels  of  POE  following  gamma  irradiation.  Values  represent 
the  geometrio  means  (n=10)  in  pre-and  postlrradiated  urine  samples 
(see  text).  Error  bars  express  the  antilogged  mean  plus  one  S.E.M. 

•  a  (0.05ap*0.01);  a  (0.0012p). 


rads  (n=4)  demonstrated  significant  inoreaaea  at  3,  6,  and  12  hrs  postlrradia- 
tion.  Levels  returned  to  prolrradlation  values  at  24  hrs  and  remained  at  these 
levels  for  the  duration  of  the  study  (96  hrs).  These  data  suggest  a  signifi¬ 
cant  and  transient  increase  in  POE  levels  at  an  intermediate  dose  level. 
Exposure  to  900  rads  resulted  in  highly  significant  (p*  0.001)  elevations  in 
urinary  POE  excretion,  detected  at  6-96  hra  postirradiation. 

Urinary  TxB2  concentrations  are  shown  in  Pig.  2.  Significant  increases 
in  the  TxBg  excretion  rote  are  seen  at  1,  3.  and  6  hra  after  receiving  100 
rods  of  gamma  radiation.  This  is  followed  by  a  decline  to  control  values  (12 
hr)  and  intermittent  decreases  significantly  below  those  of  controls  at  36, 

60,  and  B4  hrs.  Analysis  of  urinary  TxB2  concentrati sis  from  animals  receiving 
900  rads  revealed  dramatio  elevations  in  TxBg  excretion,  without  recovery, 
throughout  the  duration  of  these  experiments. 

The  effects  of  gamma  radiation  on  urinary  POPga,  levels  are  shown  in  Pig. 

3.  At  100  and  900  rads,  poatirradiatlon  PtiFgct.  levels  were  significantly  ele¬ 
vated  above  control  levels  at  12  hrs.  Animals  receiving  100  rads  demonstrated 
a  significant  reduction  in  PGP2a excretion  at  60  hrs.  Following  900  rads  of 
gaeaa  radiation,  a  seoond  statistically  significant  peak  of  elevated  PQF2a 
exoretion  was  found  to  occur  at  36  hrs.  All  other  postirradiation  values  were 
not  slgnlfioantly  different  from  control  values. 


The  values  for  POE,  PGPj^,  and  TxBg  excretion  rates  for  sham-irradiated 
animals  (n=5)  are  presented  in  Table  I-  The  values  indicate  minimal  variation 
from  the  pre-sham-lrradiated  (control)  levels.  Significant  decreases  in  excre¬ 
tion  rates  were  observed  at  6  hrs  (P0B)  and  at  6  and  49  hra  (POP2  ).  However, 
these  changes  are  in  the  opposite  direotion  to  the  significant  increases  observed 
following  radiation.  At  all  othar  time  intervals,  urinary  levels  of  POE,  POP 
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FIG.  2 

Urinary  levels  of  thromboxane  B2  following  gataas  irradiation. 

Values  represent  the  geometrio  means  (n=10)  in  pre-  and  postir- 
radiated  urine  samples  (see  text).  Error  bars  express  the  anti- 
logged  mean  plus  one  S.E.H.  •  a  (0,05ip>0.01);  **•  a  (0.01?p>0.00l); 
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FIG.  3 

Urinary  levels  of  PGF2ci  following  gamma  irradiation.  Values  repre¬ 
sent  the  geometric)  means  (n=10)  In  pre-  and  postlrradlated  urine 
samples  (see  text).  Error  bars  express  the  antilogged  mean  plus 
one  S.E.H.  *  a  (0.05ip>0.01);  ••  a  (0.01&pX).001);  •••  a  (O.OOlap). 
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and  TxB,,  did  not  differ  significantly  from  controls. 

In  summary,  urinary  POE,  PGFj^,  and  TxB2  levels  demonstrate  dose-related 
increases  in  excretion  rates  following  whole-bo,*y  ganma  irradiation.  Both 
total  mean  increases  and  temporal  relationship..  of  these  increases  differ 
depending  on  the  type  of  PG  investigated.  The  order  of  the  magnitude  of  the 
increases  in  urinary  excretion  rates  following  900  rads  was  PGE  >  TxB2  >  PGF^. 

Discussion 


Distinct  increases  in  PG  and  TXBj  exoretion  as  determined  by  radioimmuno¬ 
assay  of  these  substances  in  rat  urine  (16,17)  have  been  demonstrated  following 
whole-body  gamma  irradiation.  Several  explanations  are  possible  for  the  marked 
inoreases  in  urinary  POE  and  TXB2  levels  (900  rads)  without  recovery  (Figs. 

1  and  2).  These  may  include  (a)  radiation-induced  alterations  in  prostaglandin 
metabolism  resulting  in  increased  tissue  and  circulatory  levels,  (b)  radiation 
effects  on  the  kidney  resulting  In  increased  exoretion  of  PG  and  blood  proteins 
which  bind  PG,  and/or  (c)  direct  cellular  destruction  and  subsequent  release 
of  PG. 

The  patterns  of  prostaglandin  excretion  observed  following  whole-body 
ganaa  radiation  demonstrate  increases  in  exoretion  rates  in  addition  to  tempor¬ 
al  changes  in  these  inoreases  that  vary  with  the  type  of  PG  determined. 

Several  studies  indicate  alterations  in  enzyme  activity  may  be  responsible 
for  the  increased  synthesis  of  PGE  and  PGF2a(l8)  and  TxB2  (19,20).  In  the 
irradiated  animal,  PGP2ot;  PGE,  and  TxB2  were  found  to  be  significantly  elevated 
in  parenchymal  lung  tissues  (7).  Furthermore,  PGE  and  POF^  content  increased 
in  both  rat  (9)  and  mouse  (10)  liver  and  spleen  tissues  at  3-6  hours  after 
1000  rads  gaaaa  radiation.  Skin  PG  levels  were  also  found  to  Inoreaaa  follow¬ 
ing  ultraviolet  irradiation  (11).  Postirradiation  Inoreases  in  small  intes¬ 
tinal  motility  In  nice  (600  rads)  have  been  correlated  with  an  increase  in 
PCS  activity,  and  they  were  demonstrated  to  be  inhibited  by  the  cyclooxygenase 
inhibitor  indomethaoln  (12).  Eisen  and  Walker  (21)  have  reported  a  decrease 
in  prostaglandin  15-0H  dehydrogenase  following  radiation  In  the  small  Intes¬ 
tine  of  the  mouse,  whereas  lung  tissue  demonstrated  significant  Inoreases  in 
this  enzyme  (22).  These  findings  suggest  that  in  the  irradiated  animal,  prosta¬ 
glandin  levels  in  a  variety  of  tissues  are  markedly  altered  and  normal  clear¬ 
ance  mechanisms  may  not  be  effective,  therefore,  the  inoreases  In  urinary 
PG  levels  following  whole-body  irradiation  observed  in  this  study  may  reflect 
alterations  in  PG  anabollsm/oatabolisa. 

Since  urinary  PG  levels  In  the  nonlrradlated  animal  are  an  Indication 
of  kidney  physiology  and  pathology  (23),  the  observed  increases  may  be  partly* 
attributed  to  the  effects  of  radiation  on  kidney  physiology.  To  what  extent 
these  Increased  PG  excretion  values  reflect  renal  prostaglandin  release  and/or 
synthesis,  compared  to  the  contributions  by  other  tissue  and  cellular  types, 
could  not  be  determined  In  the  present  experiments.  It  is  wall  established 
that  PC's  bind  to  serum  proteins,  notably  albumin,  in  the  hat  (29),  and  the 
quantity  of  PG  bound  to  this  secreted  albumin  may  reflect  PG  release  fro*  a 
number  of  tissues  within  the  body  following  high  doses  of  radiation  (25). 
Alterations  in  protein  exoretion  have  been  observed  in  rats  following  whole- 
body  irradiation  (900  rads)  (26).  Urinary  protoln  determinations  revealed 
significant  Inoreases  at  2,  3»  6,  9,  12,  and  2b  hrs.  During  2b  hours,  sham- 
irradiated  animals  excreted  2.0b  ♦  0.169  mg  protein  while  irradiated  animals 
excreted  b.Q5  *  0.1b3  mg.  In  ths~present  study,  all  urine  samples  were  stored 
frozen  (-80°  C)  and  analyzed  at  the  same  time.  Precipitated  material  urns 
apparent  in  non-PCA  treated,  hCl -acidified  urine  samples,  and  was  removed 
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before  analysis  as  indicated  in  Methods.  We  found  no  significant  differences 
in  PG  concentrations  in  samples  with  or  without  PCA  precipitation. 

Cellular  destruction  resulting  from  whole-body  irradiation  may  also  con¬ 
tribute  to  enhanoed  PG  release  and  subsequent  increased  urinary  levels.  The 
observed  increases  in  urinary  PG  and  TxBj  following  radiation  may  result  from 
a  partial  contribution  of  each  of  the  above  stated  possible  meohanisms. 

While  the  origin  of  increased  urinary  PG  has  not  been  elucidated,  the 
significant  dose-related,  radiation-induced  increases  in  PGE  and  TxB2  excretion 
suggest  a  potential  use  for  these  substances  as  biological  indioators  of  radia¬ 
tion  damage.  Effective  biological  dosimetry  may  require  a  full  spectrum  of 
chemical  analyses  in  the  urine  as  well  as  of  plasma  and  cellular  elements  in 
the  blood  in  order  to  obtain  a  reasonable  estimation  of  radiation  dose  follow¬ 
ing  whole-body  radiation.  This  study  suggests  that  PGE  and  TxB2  as  well  as 
other  metabolites  of  arachidonic  acid  metabolism  found  in  the  urine  may  be 
of  value  in  determining  the  extent  of  radiation  injury.  Further  studies  are 
currently  in  progress  to  determine  the  effeots  of  radiation  on  kidney  PG  metab¬ 
olism  as  well  as  circulatory  PG  levels,  in  an  effort  to  delineate  the  origin(s) 
of  the  observt/d  alterations  in  urinary  PG  and  TxBj  excretion. 
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